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Abstract. While it is difficult to imagine the way someone with mental illness perceives the world, 
paintings produced by mental illness sufferers with artistic talents offer a hint of this experience. 
Here we analyze these images in terms of statistics related to low-level visual processing. It is 
known that art in general possesses regular spatial frequency amplitude spectra, probably due to 
factors including luminance compression, approximation of natural scene spatial statistics, media, 
and aesthetics. Whatever the contributions of those factors may be, would the same ones apply for 
artists with schizophrenia? We find that spatial frequency content in paintings by five artists with 
schizophrenia or schizoaffective disorder is significantly different from that found in a large sample of 
art by painters without schizophrenia, while other basic spatial and intensity statistics are not different 
for the two groups. In particular, amplitude spectrum slopes are significantly steeper for paintings by 
artists with schizophrenia. A separate study of the works of one artist diagnosed with schizoaffective 
disorder confirmed these findings and showed no effect of medication type on amplitude spectrum 
slope. We suggest that these results support the notion that people with schizophrenia show 
decreased contrast sensitivity at low spatial frequencies. If people with schizophrenia cannot perceive 
low frequencies at the same level of contrast as that at which healthy individuals can, it follows that 
on average they will portray such components with higher contrast, resulting in steeper spectra. 

Keywords: Vision, Schizophrenia, Contrast Sensitivity, Spatial Frequency, Art, Natural Scenes, Statistical Regu- 
larities. 

1 Introduction 1 

It is difficult to imagine how someone with a mental illness perceives the world. Paintings 
produced by mental illness sufferers with artistic inclinations offer a hint of this experience. 
In this paper we demonstrate that cautious analysis of such images can help advance current 
understanding of perceptual deficits in mental illness sufferers in ways that complement 
traditional approaches. Specifically we consider basic image statistics in paintings by artists 
with schizophrenia in comparison with paintings by artists without schizophrenia. 

Advances in visual neuroscience make clear that the design of visual systems is intimately 
tied to the regular statistical structure of the natural visual environment. Retinal and cortical 
neural coding strategies in particular appear to exploit statistical regularities in natural scenes 
[see Simoncelli and Olshausen (2001) for a review] . In turn, artworks are a reflection of the 
environment — one that is produced specifically for viewing by the human visual system — and 
recent work has shown that basic statistics of such images may be related to efficient coding 
of natural scenes [see Graham and Redies (2010) for a review] . For example, art (including 
abstract art) and natural scenes share roughly scale-invariant spatial frequency amplitude 
spectra: as a function of frequency, amplitude falls as 1 // ^ where p is approximately 1 
(Graham and Field 2007, 2008a; Redies et al 2007). This finding suggests that artwork is 
shaped by fundamental neural processing strategies adapted to natural scene regularities. 
Moreover, because art is created for the human eye, it may also contain regularities that 
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are related to efficient coding of higher-level perceptual information, such as similarity and 
preference (Graham et al 2010a, 2010b). 

Given that regularities in basic image statistics of artwork provide new insights into 
visual processing in healthy adults, it is natural to examine statistical regularities in art by 
people with mental illness. This approach is especially germane to the study of deficits in 
visual perception associated with schizophrenia, which have recently been found to affect 
spatial vision. There is increasing support for the notion that people with schizophrenia 
show deficits in contrast sensitivity [see Butler et al (2008) for a review] . In particular, there 
appears to be a deficit in detecting low spatial frequencies — those spatial frequencies to 
which the magnocellular visual pathway (M-pathway) is most sensitive. Thus, evidence 
of dysfunction should in principle be present in measures of contrast sensitivity (see, eg, 
Skottun 2000), and indeed there is converging evidence of heightened contrast detection 
thresholds at low spatial frequencies associated with schizophrenia (Slaghuis 1998; Butler 
et al 2005; Butler and Javitt 2005; Keri 2008). Further evidence from psychophysical tests 
and electrophysiology and hemodynamic studies suggests that N-methyl-D-aspartic acid 
(NMDA) signaling dysfunction (which would affect other cortical and subcortical systems as 
well) could be the physiological cause of these effects (Butler et al 2005, 2007; Martinez et al 
2008). 

However, assessing contrast sensitivity is confounded by the fact that traditional tests 
using artificial stimuli consistently inflate sensitivity in healthy individuals, compared with 
tests with natural stimuli (Bex et al 2009). In healthy subjects spatial frequency contrast 
sensitivity is found to be lower across spatial frequencies for targets embedded in natural 
scene stimuli compared with targets in isolation, and sensitivity is even decreased when 
isolated targets are tested after subjects briefly view natural stimuli. Such methodologies for 
assessing contrast sensitivity in natural environments have, to our knowledge, been tested 
only in two human subjects and have yet to be employed for special populations. 

Here we present a novel approach to investigate visual deficits in schizophrenia as 
they affect natural vision. In particular, we investigate perceptual dysfunction by analyz- 
ing willful, handmade visual representations produced by artists with schizophrenia. We 
compare spatial contrasts in such artworks (drawn from the NARSAD Artworks collection, 
http://www.narsadartworks.org) to those in a control group of paintings by artists without 
schizophrenia [drawn from the Cornell database of world artwork; see Graham and Field 
(2007, 2008a) for a descripflon of the database]. 

To examine the role of medication (see, eg, Harris et al 1990), we also tested paintings 
from the oeuvre of Karen (Blair) Sorenson, a painter with schizoaffective disorder, who 
recently described her experience as an artist with mental illness in the Schizophrenia 
Bulletin (Blair 2007) . Sorenson has taken a number of antipsychotic medications over the 
course of treatment, allowing us to test for possible infiuences of medication on image 
statistics in the paintings. 

If contrast sensitivity in people with schizophrenia is lower at low spatial frequencies, 
one would expect artists with the disease to produce images with steeper Fourier spatial 
frequency amplitude spectra (ie, spectra with more negative slope, meaning greater relative 
amplitude in low spatial frequencies) than the control artists. This can be seen as a greater 
emphasis on large-scale structure rather than fine detail: if individuals with schizophrenia 
cannot perceive this large-scale structure at the same level of contrast as that at which 
healthy individuals can, we predicted that artists with schizophrenia would portray such 
structure with higher contrast, consequently generating steeper amplitude spectra in their 
paintings. However, a deficit in sensitivity to low- frequency contrast would not be expected to 
affect regularities in other basic spatial statistics, such as the spectral amplitude at different 
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orientations; nor would it necessarily affect regularities in image intensity statistics. We 
therefore tested paintings by artists with schizophrenia and by the control group in terms of 
these statistics as well. 

2 Methods I 

We tested twelve digitized artworks recently sold at NARSAD Artworks benefit auctions 
painted by five individuals who reported a diagnosis of schizophrenia (N = 4) or schizoaffec- 
tive disorder (N = 1) against the control corpus. We also tested thirty-four digitized works 
by Karen Sorenson, a painter diagnosed with schizoaffective disorder. Sorenson's paintings 
were created while the artist was treated with various atypical antipsychotic medications- 
-Seroquel (N = 6), Zyprexa (N = 9), Geodone (N = 6), and Risperdal (N = 13) — allowing us 
to examine possible effects of medication type. Works by artists with mental illness were 
produced because of interest and talent on the part of the artists, not as a form of therapy. 

The control corpus included 140 paintings, from both the East and West, that covered 
nearly 900 years of art history and had been subject to extensive statistical characterization 
(Graham and Field 2007, 2008a). Paintings by artists with schizophrenia were cropped to a 
randomly chosen 300 x 300 pixel square patch (256 x 256 for the Sorenson paintings) and 
converted to greyscale before testing. In order to approximately normalize the spatial extent 
of a patch, we extracted 818 x 818 pixel patches from images in the control corpus and 
converted to greyscale. We note that other image and corpus sampling strategies did not 
change the outcome of the experiments — these include testing the largest square patch for 
each image, patches of the same pixel dimension in all sets (256 x 256), and patches scaled to 
be approximately the same physical dimension (23 cm) in each image as well as considering 
works of Eastern and Western provenance (which compose 49% and 51% of the control 
corpus, respectively) separately. 

In all cases the amplitude spectrum slope was calculated by taking a rotational average 
of the Fourier spatial frequency amplitude spectrum and fitting it with a linear function on 
log-log axes (the 0* spatial frequency or "DC" component was ignored). Another method for 
finding slope — in particular, fitting the amplitude spectrum up to only half the maximum 
frequency (which ignores high-frequency components that could be affected by compression 
artifacts and noise) — produced no change in the outcome of the experiments. 

In addition to rotationally averaged amplitude spectra, we also examined spectral 
amplitude as a function orientation. Both artworks (Koch et al 2010) and natural scenes (Oliva 
and Torralba 2001; Torralba and Oliva 2003; van der Schaaf and van Hateren 1996) have been 
found to contain disproportionate amounts of spectral energy in cardinal (horizontal and 
vertical) orientations. That is, such images typically have anisotropic spectra. We calculated 
the spectral anisotropy for paintings by artists with schizophrenia by performing circular 
Hanning windowing on all image patches (to compensate for square image frame artifacts 
in the amplitude spectra) and measuring the average spectral amplitude contained in 20 
degree swaths around 0 and 90 degrees compared with the average amplitude in the other 
140 degrees of orientation. This measure is termed the anisotropy index. 

We also compared the first four statistical moments of pixel intensity distributions (mean, 
variance, skewness, and kurtosis) for the two image sets. In this case, statistics were calculated 
over the entire (uncropped) image, though we note that the same significant and insignificant 
results described below also held for calculations on the cropped portions of the images. 



Results ^^Hi^^HH^^H^^HVIIIj^HHHHi^^HHHHHIl^^ 

We found that amplitude spectra showed significantly steeper slopes compared with those 
of a control group composed of a standard corpus of art images (mean of paintings by 
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artists with schizophrenia = -1.42, SE = 0.05; mean of controls = -1.23, SE = 0.01; p value 
of two-sample t-test = 0.001). Test patches of paintings by artists with schizophrenia are 
shown in figure 1. Other spatial statistical properties that are thought to be regular in art and 
natural scenes show no statistical differences [p > 0.05) between the groups of paintings. 
As with natural scenes and other samples of artwork, the anisotropy index for paintings by 
artists with schizophrenia (mean = 0.307, SE = 0.006) indicates that there is proportionally 
more spectral amplitude in cardinal orientations. However, the anisotropy index was not 
significantly different compared with that for the control corpus (mean = 0.302, SE = 0.002), 
suggesting that only relative amplitude at different spatial frequencies — and not amplitude 
at different orientations — is affected by schizophrenia. 



Table 1. Mean statistics by image class, with standard error in parentheses. * indicates significant 
differences {p < 0.05) in these statistics compared with the control group, calculated according to a 
two-sample t-test. 



Image set 


Amplitude 


Anisotropy 


Pixel 


Pixel 


Pixel 


Pixel 




spectrum 


index 


intensity 


intensity 


intensity 


intensity 




slope 




mean 


variance 


skewness 


kurtosis 


Artists with 


-1.421* 


0.307 


150.8* 


2386.3 


-0.063 


-0.410 


Schizophrenia 


(0.045) 


(0.006) 


(7.3) 


(199.2) 


(0.163) 


(0.278) 


Sorenson 


-1.425* 


0.293 


109.3* 


2824.7 


0.466 


-0.071* 


paintings 


(0.017) 


(0.001) 


(6.3) 


(220.4) 


(0.137) 


(0.194) 


Control group 


-1.229 


0.302 


119.6 


2464.5 


0.046 


1.054 




(0.014) 


(0.002) 


(3.5) 


(150.5) 


(0.096) 


(0.25) 



In addition, pixel intensity variance, skewness [a statistic that has shown consistent 
differences between samples of art from the East and West; see Graham and Field (2008a)] , 
and kurtosis [a statistic related to sparseness; see Graham and Field (2006) for a review of 
sparse statistics] were not significantly different for the two sets, suggesting that spatial 
frequency content alone is affected by the illness. Mean pixel intensity was significantly 
different for the two groups, though such variation is to be expected, and it did not affect 
the amplitude spectrum slope calculation, since the 0* frequency component (ie, the image 
mean) was ignored. 

The same results held for Sorenson's paintings — ie, amplitude spectrum slope was 
significantly steeper compared with the control group, while other statistics were not 
significantly different — except in the case of kurtosis, which was significantly lower for 
Sorenson's paintings compared with those of the control group (see table 1 for full data). 
IVIoreover, we found no significant differences in the mean amplitude spectrum slope for 
paintings produced while Sorenson was treated with different antipsychotic medications 
(amplitude spectrum mean: Seroquel = -1.44; Zyprexa = -1.44; Risperdal = -1.41; Geodone 
- -1.41). This result suggests that medication type does not affect spectral regularities in 
paintings. 

4 Discussion 

Our analysis relates to typical statistics of artists with schizophrenia compared with healthy 
artists. Because healthy artists, on average, produce works that have a certain spectrum, it 
follows that without any perceptual deficit artists with schizophrenia would be driven by the 
same imperatives as those that conspire to produce this regularity. The fact that art has a 
certain typical spectrum is probably due to many factors, including luminance compression 
(Graham and Field 2008a, 2008b; Graham et al 2009), matching natural scene spatial statistics 
(Graham and Field 2007, 2008a), media, and perhaps aesthetics (Redies 2007; Koch et al 



Altered spatial frequency content in schizophrenia 



5 




-1.16 




-1.26 






-1.31 




-1.38 



-1.38 



-1.47 



-1.49 




-1.49 






-1.52 



-1.56 



-1.74 



Figure 1. Portions of the paintings by artists with schizophrenia analyzed in this study, shown with 
calculated amplitude spectrum slopes. 

2010). Whatever the contributions of those factors may be, the same ones should apply for 
artists with schizophrenia — if those artists had no visual deficits. Therefore we would expect 
to find that a sample of spectral slopes for their works would be near the mean for artists 
without schizophrenia. However, we find that artists with schizophrenia produce images with 
a significantly greater proportion of amplitude in low spatial frequencies than do healthy 
artists, though other basic spatial and luminance statistics are not different. We note that 
this work is in no way aimed at diagnosing individual patients but rather at investigating 
perceptual deficits in schizophrenia. Nevertheless, our results are consistent with the notion 
that under broad constraints to match basic regularities in human artwork, artists with 
schizophrenia compensate for lowered contrast sensitivity at low spatial frequency by 
boosting spectral amplitude in low spatial frequencies. 

Although further tests are necessary (particularly with natural stimuli), our results agree 
with a substantial body of evidence that contrast sensitivity deficits are more pronounced 
at low spatial frequencies (Slaghuis 1998; Butler et al 2005; Butler and Javitt 2005; Keri 
2008). Our findings do not address the possible role of NMDA signaling dysfunction in 
low spatial frequency contrast sensitivity deficits associated with schizophrenia. Some have 
argued that decreased contrast sensitivity in schizophrenia may be more broadly distributed 
across spatial frequencies (Skottun and Skoyles 2007). Only one study that we are aware of, 
which measured contrast detection at a single spatial frequency, has questioned whether 
schizophrenia causes a significant drop in contrast sensitivity (Chen et al 2003). 
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We note that there is a danger in interpreting distortions in artwork as being the result 
of visual deficits, which is exemplified by the El Greco fallacy. This is the false notion that 
El Greco painted elongated figures due to optical distortion caused by astigmatism (eg, see 
Anstis 2002). However, this fallacy does not obtain in the present investigations for three 
reasons: (1) In the case of decreased contrast sensitivity, our results reflect loss of visual 
information, rather than an optical distortion. The same logic supports the suggestion that 
Monet's cataracts indeed affected his paintings (Marmor and Ravin 1997; see also Werner 
1998); (2) We are considering effects on the mean measure across a number of artists, rather 
than on one individual; (3) The El Greco fallacy — which stipulates that an individual with 
visual dysfunction would paint the world as it appears to her — ^would in fact predict the 
opposite result from the one found. That is, the logic of the fallacy would imply that paintings 
by artists with schizophrenia would contain less, not more, relative amplitude at low spatial 
frequencies compared with control artists, in accordance with their putative visual deficit in 
low spatial frequency contrast sensitivity. 

One can suppose that an artist with a low frequency contrast sensitivity deficit has 
access to low frequency contrast information simply by moving further away, and the artist 
may thus store this information — especially for familiar objects and scenes — in memory, 
which could be supplemented by visual information gathered during lucid intervals or when 
their drug regime is most effective. In attempting to make an image that looks "good" to 
them — in the sense of satisfying constraints imposed by natural scene statistics, media, and 
aesthetics — artists with this deficit would on average boost low frequency contrast based on 
prior knowledge, thus producing the observed results. In other words, they could capture 
scene contrasts that are normally invisible to them, but which they know exist. By necessity, 
the artist would do so at a level of contrast that is higher than what would be found in a 
comparable painting by an unaffected artist, so as to make such components visible to 
themselves. Thus, on average, there would be more low-frequency amplitude in the painting 
as a whole. 

It remains possible that other explanations of our statistical results could exist: some 
researchers have suggested that the aesthetic experience of people with schizophrenia is 
fundamentally different from that of healthy individuals (Chen et al 2008), an effect which 
could conceivably manifest itself in paintings by artists with schizophrenia. At present, 
there is no evidence supporting this explanation; nor is it clear how such an effect would 
impact spatial frequency content. We speculate that aesthetics plays at most a small role 
in determining the typical spectrum of artwork, whereas matching natural scene spectra, 
luminance compression, and media play the more dominant roles. 

While it would not be advisable to diagnose schizophrenia using art statistics, we note 
that it is quite common for clinicians to elicit hand-made images from patients in order 
to assess their mental state, using tasks such as clock drawing (eg, Wolf-Klein et al 1989), 
shape drawing (eg, Albert 1973), and the house-tree-person test (Buck and Warren 1992). 
The present work investigates evidence of contrast sensitivity dysfunction via evidence 
from willful visual productions by people with schizophrenia. Our primary goal is to shed 
light on perceptual deficits involved in the illness rather than on the patient's mental state. 
Nevertheless, the analysis of willful visual productions by patients is a natural laboratory for 
assessing the effects of a variety of mental illnesses on individuals' perception and cognition 
[eg, Alzheimer's disease (Utermohlen 2006) and cerebral achromatopsia (Sacks 1996); for 
a survey, see Chatterjee (2004)] . Future work in this vein could explore color, for example, 
and/ or emotional cues and other forms of visual communication contained in artwork by 
healthy and mentally ill artists. 



Altered spatial frequency content in schizophrenia 



7 



Acknowledgements. We thank Karen Sorenson for her generous assistance and NARSAD Artworks. 
This work was supported by a Martens Family Research Award. Icon courtesy of Karen Sorenson, 
http: / / schizoaffectiveartist.com. 

References 

Albert M L, 1973 "A simple test of visual neglect" Neurology 23 658-664 ■* 

Anstis S, 2002 "Was El Greco astigmatic?" Leonardo35 208-208 doi:10. 1162/00240940252940612 < 
Bex P J, Solomon S G, Dakin S C, 2009 "Contrast sensitivity in natural scenes depends on edge as 

well as spatial frequency structure" /oMma/o/Wsion 9 1-19 doi:10. 1167/9. 10.1 •* 
Blair K, 2007 "Ability and disability" Sc/z/zop^re«/fl5uZ/erin33 1260-1262 doi:10.1093/schbul/sbl046 •* 
Buck J N, Warren W L, 1992 , House-tree-person projective drawing technique: Manual and interpre- 
tive guide (Los Angeles: Western Psychological Services) < 
Butler P D, Javitt D C, 2005 "Early-stage visual processing deficits in schizophrenia" Current Opinion 

in Psychiatry 16 151-157 doi:10.1097/00001504-200503000-00008 -< 
Butler P D, Zemon V, Schechter 1, Saperstein A M, Hoptman M J, Lim K O, 2005 "Early-stage visual 

processing and corticcd amplification deficits in schizophrenia" Archives of General Psychiatry &2, 

495-504 doi:10.1001/archpsyc.62.5.495 ■* 
Butler P D, Martinez A, Foxe J J, Kim D, Zemon y SUipo G, 2007 "Subcortical visual dysfunction in 

schizophrenia drives secondary cortical impairments" Brain 130417-430 doi:10.1093/brain/awl233 ■* 
Butler P D, Silverstein S M, Dakin S C, 2008 "Visual perception and its impairment in schizophrenia" 

Biological Psychiatry 40-47 doi:10.1016/j.biopsych.2008.03.023 ■* 
Chatterjee A, 2004 "The neuropsychology of visual artistic production" Neuropsychologia 42 

1568-1583 doi:10.1016/j.neuropsychologia.2004.03.011 •* 
Chen Y, Levy D L, Sheremata S, Nakayama K, Matthysse S, Holzman P S, 2003 "Effects of typical, 

atypical and no antipsychotic drugs on visual contrast detection in schizophrenia" American 

Journal of Psychiatry l& 1795-1801 doi:10.1176/appi.ajp.l60.10.1795 ■* 
Chen Y, Norton D, McBain R, 2008 "Can persons with schizophrenia appreciate visual art?" 

Schizophrenia Research 105 245-251 doi:10.1016/j.schres.2008.06.024 < 
Graham D J, Field D J, 2006 "Sparse coding in the neocortex" in Evolution of Nervous Systems Eds J 

H Kaas, L A Krubitzer pp 181-187 (London: Elsevier) ■* 
Graham D J, Field D J, 2007 "Statistical regularities of art images and natural scenes: Spectra, 

sparseness and nonlinearities" Spatial Vision 21 149-164 doi:10. 1163/156856807782753877 < 
Graham D J, Field D J, 2008a "Variations in intensity statistics for representational and ab- 
stract art, and for art from the eastern and western hemispheres" Perception 37 1341-1352 

doi:10.1068/p5971 -« 

Graham D J, Field D J, 2008b "Global nonlinear luminance compression in painted art" Proceedings 
ofSPIE: Computer Image Analysis in the Study of Art 6810 68100-68100 ■* 

Graham D J, Friedenberg J D, nb , D N, 2009 "Efficient visual system processing of spatial and lumi- 
nance statistics in representational and non-representational art" Proceedings ofSPIE: Human 
Vision and Electronic Imaging 724:0 72401-72401 ■* 

Graham D J, Friedenberg J D, Rockmore D N, Field D J, 2010a "Mapping the similarity space of paint- 
ings: image statistics and visual perception" Visual Cognition 18 559-573 doi: 10. 1080/ 13506280902934454 •* 

Graham D J, Friedenberg J D, McCandless C H, Rockmore D N, 2010b "Preference for artwork: 
Similarity, statistics, and selling price" Proceedings ofSPIE: Human Vision and Electronic Imaging 
7527 75271-75271 ■* 

Graham D J, Redies C, 2010 "Minireview: Statistical regularities in art: Relations with visual coding 

and perception" Vision Research m 1503-1509 doi:10.1016/J.visres.2010.05.002 - 
Haase H J, 1983, Dosierung der Neuroleptika (Erlangen, Germany: Perimed) ■* 
Harris J P Calvert J E, Leendertz J A, Phillipson O T, 1990 "The influence of dopamine on spatial 
vision" Eye 4 806-812 < 

Keri S, 2008 "The magnocellular pathway and schizophrenia" Vision Research 48 1181-1182 

doi:10.1016/j.visres.2007.11.021 - 
Koch M, Denzler J, Redies C, 2010 "1/f^ Characteristics and Isotropy in the Fourier Power Spectra 

of Visual Art, Cartoons, Comics, Mangas, and Different Categories of Photographs" PLoS One 5 

el2268 < 

Marmor M E Ravin J G, 1997 , The Eye of the Artist (St. Louis, MO: Mosby-Year Book) < 
Martinez A, Hillyard S A, Dias E C, Hagler D J Jr, Butler P D, Guilfoyle D N, Jalbrzikowski 
M, Silipo G, Javitt D C, 2008 "Magnocellular pathway impairment in schizophrenia: evi- 
dence from functional magnetic resonance imaging" Journal of Neuroscience 28 7492-7500 
doi:10.1523/JNEUROSCI.1852-08.2008 t 



8 



D Graham, M Meng 



Oliva A, Torralba A, 2001 "Modeling the Shape of the Scene: a Holistic Representation of the Spatial 

Envelope" International Journal of Computer Visional 145-175 doi:10.1023/A:1011139631724 ■* 
Redies C, 2007 "A universal model of esthetic perception based on the sensory coding of natural 

stimuli" Spatial Vision2\ 97-117 doi:10.1163/156856807782753886 -* 
Redies C, Hasenstein J, Denzler J, 2007 "Fractal-like image statistics in visual art: Similarity to natural 

scenes" Spatial Vision 21 137-148 doi:10. 1163/156856807782753921 •* 
Sacks 0, 1996 "The Case of the Colorblind Painter" in An Anthropologist On Mars: Seven Paradoxical 

Tales (New York: Knopf) pp. 3 -4 1 - 
Simoncelli E P, Olshausen B A, 2001 "Natural image statistics and neural representation" Annual 

Review of Neuroscience 24 1193-1216 doi:10.1146/annurev.neuro.24. 1.1193 •* 
Skottun B C, 2000 "The magnocellular deficit theory of dyslexia: the evidence from contrast sensitiv- 
ity" Vision Research 40 111-127 doi:10.1016/S0042-6989(99)00170-4 -« 
Skottun B C, Skoyles J R, 2007 "Minireview: Contrast sensitivity and magnocellular functioning in 

schizophrenia" Vision Research 47 2923-2933 doi:10.1016/j.visres.2007.07.016 -* 
Slaghuis W L, 1998 "Contrast sensitivity for stationary and drifting spatial frequency gratings in 

positive- and negative- symptom schizophrenia" Journal of Abnormal Psychology 107 49-62 

doi:10.1037/0021-843X.107.1.49 -« 
Torralba A, Oliva A, 2003 "Statistics of Natural Images Categories" Network: Computation in Neural 

Systems 14 391-412 doi:10.1088/0954-898X/14/3/302 -< 
UtermohlenW, 2006 "Aseries of self-portraits" Academic Medicine 81 996-997 doi:10.1097/01.ACM.0000242590.81252.b9 ■* 
van der Schaaf A, van Hateren J H, 1996 "Modeling the power spectra of natural images: statistics 

and information" Vision Research 36 2759-2770 doi:10.1016/0042-6989(96)00002-8 •* 
Werner J S, 1998 "Aging through the eyes of Monet" in Color Vision: Perspectives from Different 

Disciplines Eds W G K Backhaus, R Kliegl, J S Werner pp 3-41 (Berlin: Walter de Gruyter & Co) -« 
Wolf-Klein G P, Silverstone F A, Levy A P, Brod M S, Breuer J, 1989 "Screening for Alzheimer's disease 

by clock drawing" Journal of the American Geriatric Society 37 730-734 •* 



Altered spatial frequency content in schizophrenia 9 



Daniel Graham received his IVIS in physics and his PhD in psychology for work on vision 
coding, natural scene statistics, and visual art with David Field at Cornell University This 
work produced one of the first detailed analyses of statistical regularities in artwork. As 
a postdoctoral researcher under Dan Rockmore in the Department of Mathematics at 
Dartmouth College, he was involved in developing visual-system-inspired computational 
methods for measuring artistic style. Recent work has examined a variety of statistical 
regularities in artwork and their relation to visual perception, as well as perceptual abilities 
in artists themselves. He will begin a postdoctoral position with Helmut Leder at the 
University of Vienna in 201 1 to continue this work. 

Ming IVIeng received his Bachelor's and Master's degrees in biophysics at the University 
of Science and Technology of China and his PhD in psychology at Princeton University He 
was then a postdoctoral research associate at MIT. Currently, he is an assistant professor 
at Dartmouth College. By using psychophysical experimentation, neuroimaging, and 
computational modeling, his lab studies human visual perception and its underlying neural 
mechanisms. For more information visit http://www.dartmouth.edu/ menglab/index.html. 



Copyright © 20 1 1 D Graham, M Meng 

Published under a Creative Commons Licence I fe; I -M i ' L 'B i ' I ' mI 

a Pion publication 




